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Abstract

Taking the middle reach valley segment of Ba’ erdong Gully in Kongdui District,
Inner Mongolia as the study area, this research addresses the dynamic charac-
teristics of wind-water interaction erosion and the associated geomorphological
morphological changes. Based on field investigation and data collection, mod-
ern processes of wind-water interaction erosion in the valley were investigated
through technical approaches including field meteorological observation, runoff
plot experiments, topographic surveying, and remote sensing analysis. The
study quantitatively analyzes variations in erosion-deposition patterns across
different geomorphological positions and the evolution of valley morphology.
The findings reveal that under wind-water interaction erosion, geomorpholog-
ical types including riverbed dunes, valley-slope dunes, terrace dunes, terrace
gullies, and alluvial fan gullies in the middle valley reach undergo cyclical ero-
sion and morphological changes on an annual cycle. Over the years, periodic
variations in wind and water forces have caused regular evolution in the geo-
morphological forms of these interaction erosion units, thereby controlling the
morphological changes of the middle Ba’ erdong Gully valley. This morphologi-
cal evolution is primarily manifested in characteristics such as channel sinuosity,
channel width, channel migration direction, riverbed cross-section tilt direction,
alluvial fan size, and migration distance of valley dunes. This research can pro-
vide scientific reference and guidance for soil erosion prevention and control in
wind-water erosion interlaced zones.
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Abstract

The study area is located in the middle reaches of the Baerdong River in Inner
Mongolia. This study focused mainly on the dynamic geomorphological evolu-
tion caused by aeolian-fluvial joint erosion. Based on field work and collecting
the related data, the meteorological observation, runoff plot experiment, topo-
graphic survey and remote sensing analysis were applied to study the modern
process of aeolian-fluvial joint erosion. The change of erosion pattern of different
landforms and the evolution process of valley morphology were quantitatively
analyzed. The results showed that the geomorphic types in the middle reaches
of the Baerdong River are mainly the dunes on the riverbed, valley slopes and
terraces as well as the gullies on the terraces and alluvial fans. The erosion and
morphologic evolution of these landforms repeat circularly in a year. Because
of the periodic changes of wind speed and water regime, these aeolian-fluvial
jointly eroded units have evolved regularly and controlled the change of valley
landforms in the middle reaches of the Baerdong River for many years. The
morphological changes could be mainly manifested in the river curvature, width
of the river channel, shifting direction of the river channel, tilt direction of
transverse section of riverbed, size of the alluvial fans and the migration dis-
tance of the sand dunes in valley. The study results could be referred in further
researching and controlling soil erosion in the aeolian-fluvial joint erosion area.

Keywords: aeolian-fluvial joint erosion; valley landform; evolution law; Baer-
dong River; Inner Mongolia

chinarxiv.org/items/chinaxiv-201910.00006 Machine Translation


https://chinarxiv.org/items/chinaxiv-201910.00006

ChinaRxiv [$X]

3.2 Topographic Survey Data

Topographic survey data were collected using a RIEGL VZ-2000 terrestrial laser
scanner. The scanning resolution was set to high-definition mode with a point
density of approximately 200 points per square meter. Data collection was
conducted during the period 2012-2015, with five scanning sessions in 2012-2014
and twelve sessions in 2015. The scanning range covered the river channel and
valley slopes, with each survey area measuring approximately 12 mm in scope.
The point cloud data were processed using RISCAN software, with coordinate
transformation and noise reduction applied to generate digital elevation models
(DEMs) with a vertical accuracy of 0.5 m. In 2014, five scanning sessions were
conducted, with the 2012 data serving as a baseline for comparison. The 2014
data revealed that the main channel had shifted by 10 cm, while the valley slope
erosion depth ranged from 3.5 m to 6.7 m.

3.3 Remote Sensing Analysis

Remote sensing analysis was based on high-resolution satellite imagery from
WorldView and GIS data processing. Multi-temporal images from 1978, 1998,
2005, and 2014 were used to analyze changes in valley landforms. The spa-
tial resolution of the imagery was 0.5 m, enabling detailed mapping of channel
patterns, sand dune migration, and gully development. GIS analysis included
extraction of geomorphic parameters such as channel width, curvature, and ero-
sion area. The results showed that the river channel width decreased from 147.7
m in 1978 to 50.6 m in 2014, while the area of alluvial fans increased from 14,115
m? to 20,340.7 m? during the same period.

3.4 Runoff Plot Experiments

Runoff plot experiments were conducted to quantify erosion rates under simu-
lated rainfall conditions. The experimental plots measured 3 m x 1 m, with
slopes ranging from 5° to 10°. Rainfall simulation was performed at intensities
of 30-50 mm/h. In 2010, two plots were established with a slope of 5°, rainfall
intensity of 30 mm/h, and soil erosion rate of 1.2 m2. In 2014, two additional
plots were set up with a slope of 5°, rainfall intensity of 10-50 mm /h, and erosion
rate of 1.3 m2. The experiments demonstrated that aeolian-fluvial joint erosion
rates were 2-3 times higher than fluvial erosion alone, with wind-driven sand
transport significantly enhancing sediment mobilization during rainfall events.

Table 3 Change of channel patterns of the Baerdong River from 1978 to 2015

Year Channel width (m) Channel area (m?) Erosion depth (m)

1978 147.7 14,115 2.5
1998 137.2 4,357.7 2.8
2005 90.4 5,720.1 2.4
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Year Channel width (m) Channel area (m?) Erosion depth (m)
2014 50.1 5,828.8 3.1

[Figure 12: see original paper]
Figure 12 Change of valley patterns in the middle reaches of the Baerdong
River from 1978 to 2014

Table 4 Landforms of aeolian-fluvial joint erosion in the Baerdong River Basin

Landform Geomorphic
type unit Erosion pattern  Evolution characteristic
Riverbed Active sand Wind erosion Seasonal migration
dunes dunes dominant
Valley slopes  Gullies and rills  Water erosion Annual cycle

dominant
Terraces Alluvial fans Joint erosion Decadal scale change
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